Geographical variation in song is a common feature of populations of territorial songbirds. However, the factors responsible for the levels and patterns of variation have not been examined in detail. We measured geographical variation of songs in chaffinches, Fringilla coelebs, in samples from five locations in Scotland, U.K. We found substantial variation in the level of song sharing between locations. It was highest in isolated island areas and in a recently populated area. By comparing our data with a spatial simulation model designed to mimic the different areas, we calculated estimates of cultural mutation that ranged between 0.001 and 0.03, with a maximum possible value of 0.05, and found that chaffinches had a significant preference for learning songs not from immediate neighbours, but from males about 500 m away. We discuss the implications of these findings for the process and function of cultural transmission of song in the chaffinch. 
Geographical variation in song is a common feature of populations of territorial songbirds. However, the factors responsible for the levels and patterns of variation have not been examined in detail. We measured geographical variation of songs in chaffinches, Fringilla coelebs, in samples from five locations in Scotland, U.K. We found substantial variation in the level of song sharing between locations. It was highest in isolated island areas and in a recently populated area. By comparing our data with a spatial simulation model designed to mimic the different areas, we calculated estimates of cultural mutation that ranged between 0.001 and 0.03, with a maximum possible value of 0.05, and found that chaffinches had a significant preference for learning songs not from immediate neighbours, but from males about 500 m away. We discuss the implications of these findings for the process and function of cultural transmission of song in the chaffinch. In many songbird populations patterns of geographical variation in song arise as a result of vocal imitation. These patterns have been the subject of many descriptive studies (reviewed in Mundinger 1982; Catchpole & Slater 1995; Kroodsma 1996) . Geographical variation in learned bird song is commonly more marked than variation in genetically transmitted traits, presumably because the accuracy of learning is unlikely to be as high as that of genetic transmission. However, this remains a presumption, because there have been only limited attempts to measure exactly how accurate bird song learning is. Several studies have used cultural evolutionary models to estimate a 'cultural mutation rate' (the proportion of songs that are learned inaccurately, so leading to novel song types), by modifying population genetics models (e.g. Slater et al. 1980; Lynch 1996) . The estimated values have ranged from 0.1 to 0.15 (Lynch 1996) . However, as Lynch (1996) acknowledged, this methodological adaptation was less than ideal, especially because the models ignored any spatial information. In essence, a local habitat patch was treated as an entire closed and panmictic population and, as a result, the estimates of cultural mutation rate did not take account of any dispersal into the area.
There is also considerable variation between populations and species in the pattern of geographical variation in song. At one extreme are mosaic distributions (often referred to as dialects), in which individuals within a patch all share the same vocalization type, and sharp boundaries exist between groups with different types (e.g. corn bunting, Emberiza calandra: McGregor 1980; whitecrowned sparrow, Zonotrichia leucophrys nuttalli : Baptista 1975) . At the other extreme are patterns in which individuals are no more likely to share songs with neighbours than with those further away (e.g. chaffinch, Fringilla coelebs: Slater et al. 1980; nightingale, Luscinia megarhynchos: Hultsch & Todt 1981) . However, even in species in which song sharing is highest between neighbours, such as the great tit, Parus major (McGregor & Krebs 1982) , there have not been any statistical attempts to link this to song dispersal, where individuals have learned songs, relative to where they sing them.
The pattern of geographical variation in song is the result of a number of factors. We refer to some of these as behavioural factors, as they are the direct consequence of individual behaviour. For example, the dispersal patterns of songs depend on how far animals move between learning their songs and setting up their territories, and cultural mutation rate is a consequence of the accuracy with which birds learn their songs. Behavioural factors contrast with population factors, such as population size and density, which, while not affected by song-learning behaviour, may still have an effect on song-sharing patterns as a result of cultural evolutionary processes (Cavalli-Sforza & Feldman 1981; Lynch 1996) . For example, several studies have shown that small populations have higher levels of song sharing (Baker & Correspondence and present address: R. F. Lachlan, Department of Biology, CB #3280, Coker Hall, University of North Carolina at Chapel Hill, Chapel Hill, NC 27599, U.S.A. (email: lachlan@email. unc.edu 
